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Abstract 
Pollutants discharged as a result of urbanization have created a series of environmental problems, especially 
deterioration of water quality, which influence human health. Water quality improvement has become an urgent 
priority in water resource management. As “the kidneys of earth,” wetlands have been widely used in pollution 
control. To make the wetland play a better role in reducing pollution, various methods have been developed in recent 
years, especially wetland networks. Major factors influencing the functions of wetland are wetland categories, 
wetland area, wetland site and wetland hydrology, which are sometimes related to flood and dry seasons. Using 
wetland networks to improve water quality is an important and urgent work for environment protection, and also 
provides a useful method for water managers.  
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1. Introduction 
In the world, a series of ecological environmental problems such as direct and indirect effects on forest 
wetland structure and function [1], decreases quality of river water [2, 3], biodiversity extinctions [4, 5] 
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have been induced by increased urbanization and the discharge of urban industrial wastewater and 
domestic sewage.     
In the face of an enormous environmental crisis and faster change rate of water quality than ever 
before [6], environmental scientists have developed methods for environmental protection and 
management. Among these environmental actions, environmental pollution control is becoming one 
important priority for protecting human health and environmental sustainability. 
One management action that has been widely reported to reduce diffuse source pollution is the use of 
wetlands along the river corridor. Wetlands, located in the terrestrial-aquatic transverse zone, are an 
important landscape and ecosystem with many ecosystem service functions. Among its features, 
improving water quality and controlling pollutant transport are the most important regulatory functions 
[7]. Fixing and depositing the suspended matter, nutrients, and toxic compounds from creeks and rivers is 
the purification function of a wetland. Wetlands provide an interface between the upslope drainage areas 
and the stream channel [8]. People have used wetlands for pollution control for centuries [9, 10], research 
about pollution control began in the 1950s. Using wetlands, both natural and artificial, for capturing 
stormwater runoff and pollutants has also emerged from an understanding of the roles wetlands play in 
landscapes [11-14]. As a result, the number of constructed wetlands receiving wastewater from municipal, 
industrial, agricultural, and storm water sources has increased to more than 20,000 all over the world [15].  
Most of constructed wetlands are mainly a single wetland which concentrates on removing or retaining 
the nutrients and the toxic environmental contaminants. But the capacity for the removal pollutants is the 
consequence of the specific organization between the structure and function of the wetland [16]. In 
wetlands, certain ecological functions are naturally intensified which in large scale contribute to the 
improvement of adjacent ecosystems quality, especially the aquatic ones. Mitsch and Jørgensen [9] 
calculated that existing wetlands along western Lake Erie could retain 75 to 100 metric tons of 
phosphorus per year if hydrologically connected to upstream watersheds. Many studies also showed that 
large scale wetland restoration would improve water quality in watersheds [17, 18].  
There is a growing need to improve water quality and biological diversity from a watershed 
perspective. Watershed models have been developed as important research and management tools, 
particularly for understanding and controlling water pollution. One of the mitigation approaches for 
pollutants is to leave interconnected corridors and nodes as a network within the watersheds. In fact, 
ecological networks are increasingly being considered as effective approaches to improve the quality of 
open space systems [19]. An ecological network may be used for single purpose [20] or multipurpose, but 
it emphasizes that the network coherence results from ecological processes. A key feature of ecological 
networks is having different configurations and still serving the same goal. Ecological networks are a 
basis for ecological sustainability, and are imaginative spatial concepts that helpful to focus on 
ecologically relevant structures in the landscape [21].  
Constructing networks of multiple-scale wetlands supports pollution control within the watershed. 
Effectiveness is increased if wetlands of different sizes are used concurrently. Wetland structure in a new 
network can borrow from convergence characteristics in some undisturbed basins [14]. Worldwide, 
people have relied on the network of freshwater tributaries and tidal waters for recreation, drinking water, 
agricultural production, hydropower, and aquaculture [22]. 
With increased pollution and water quality deterioration, it is important to analyze the effectiveness of 
wetlands and wetland networks in improving water quality and water resource management. 
2. Factors that influence wetland networks for pollution control 
The principles of ecological engineering design are mainly as follows: “The components of an 
ecosystem are interconnected, interrelated, and form a network, implying that direct as well as indirect 
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effects of ecosystem development need to be considered” [10]. The linking of everything to everything 
else in ecological systems shows the complexity of ecosystems and their highly coupled, interconnected 
nature [23]. And the network structure establishes the pathways (direct and indirect) by which some 
materials can flow among entities [24]. Within the wetland network, the pollution control function of a 
wetland is significantly influenced by categories including area, location and hydrology of wetlands, and 
are sometimes also influenced by the dry and flood seasons.   
2.1. Wetland categories 
It is clear that different wetlands will have different nutrient retention characteristics, dependent on the 
wetland’s aquatic chemistry, hydrology, sediment and plant typology, for example [25]. Some researchers 
have focused on the purification capacity of different wetlands. Novak et al. [26] reported that wetlands 
are capable of both retaining and releasing dissolved phosphorous in a North Carolina Coastal Plain in–
stream wetland. During some time intervals, dissolved phosphorous was stored in the in-stream wetland, 
the discharged water was found have lower dissolved phosphorous concentrations than stream inflow. 
And the removal efficiency for TSS of a mountainous wetland was approximately 91% in McDowell 
County, North Carolina [27], with the maximum mass loading removal efficiencies for ammonia, nitrate, 
TP, and COD, were 86, 80, 59, and 66%, respectively. Based on a spatial simulation model, Li et al. [28] 
found that about 66% of TN or 88% of SRP can be removed by the reed–canal system in the Liaohe Delta. 
Nitrogen retention in lakes in the North Atlantic Ocean region has been reported to range from 20 to 80% 
[29]. In the Nordic/Baltic region, lake retention is generally regarded as high. Jansson et al. [30] proposed 
that productive lakes might remove up to 50% of the total N-input. Studies carried out in Sweden showed 
a 50% retention of total nitrogen in two eutrophic lakes with a water residence time of 2, 5 years [31].  
Svendsen and Kronvang [32] estimated that the sedimentation and denitrification rate in Danish lakes 
varied between 33-48%.  
It is no doubt that lakes often act as a nutrient sink, especially in a steady state (equilibrium). However, 
in certain circumstances, lakes may act as a nutrient source. For example, Svendsen et al. [33] showed 
there was a negative P-retention on an annual basis in a Danish lowland stream due to resuspension of 
retained materials induced by high flows and stream bank erosion. Pereraa et al. [34] found that paddy 
wetland water may be effective in mobilizing propanil from paddy soils and transporting it to adjacent 
ditches, so that paddies do not seem to serve as a sink of propanil. But the propanil levels in paddy water 
would be declined to low levels approximately 2 days after re-flooding.  
By examining the retention capacity of a vegetated (V) and non-vegetated (NV) agricultural drainage 
ditch of similar size and landform in the Mississippi Delta, Moore et al. [35] found there were significant 
differences in total inorganic phosphorus percent load reductions (V: 36%±4；NV:71%±4). However, 
both ditches could be used to mitigate nutrients and reduce the loading reaching downstream. Soil types 
of the wetlands are also related to retention efficiency. The predominance of fine particles (silt and clay) 
is associated with a larger surface area of the sediment, and allows the accumulation of organic matter 
[36]. Higher percentages of fine particles in the sediment are common with high concentrations of organic 
carbon matters. In addition, sandy sediments have the feature with low concentrations of organic carbon 
particles [36].  
Within a transboundary drainage basin (44,000 km2), Vassiljev and Stålnacke [37] found that lake 
retention was approximately 30-35% for nitrogen and phosphorus and that the riverine retention was 
lower for nitrogen and phosphorus (approx. 10%). In a hydrogeomorphic setting, Mitsch and Gosselink 
[38] suggested that flow-through and riparian wetlands have a better chance of a high retention capacity 
than isolated basin wetlands, although caution must be paid attention with this description. 
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2.2 Wetland area 
As the basic unit of the network, wetlands with different areas have different retention times for 
pollution flows in the watersheds. By increasing the retention time for nutrients in the landscape, the 
amounts of nutrients reaching lakes and eventually the sea were decreased [39]. Moreover, a critical 
threshold exists that defines the minimum ecologically acceptable amount of wetlands in a given 
watershed. If wetlands are too small, functions such as support of certain mammals, storage of floodwater 
and water quality improvement no longer exist [38].  
Small headwater wetlands will most effectively intercept agricultural pollutants [40]. By focusing the 
role of three size classes of wetland, Tilley and Brown [41] found that, based on area requirements for 
target outflow criteria, treatment function is scale-dependant: small wetlands sequester P, medium 
wetlands capture sediments and large wetlands attenuate water flows. The effectiveness would be 
increased if different sizes are used concurrently. Rushton [42] also suggested that, in small-scale 
treatment wetlands, sediments were removed first, phosphorus was retained in the primary retention basin, 
and flows were attenuated in the large secondary wetland. Li et al. [43] found that the aggregately 
distributed small reed areas were good enough to remove large amount of nutrients. More canals do not 
contribute significantly in nutrient retention in the reed fields. The connectivity of the canal and the 
different spatial arrangement of a reed field may also affect the removal rate. Therefore the system 
becomes more efficient at nutrient removal. Small areas are more effective in nutrient reduction than 
large ones. 
2.3 Wetland site 
Network structure establishes the pathway and nodes over which pollutants can flow in the connected 
systems. In a geomorphic sense, wetlands can be classified as in-stream systems, riparian systems, 
isolated basins, and coastal (fringe) systems. The wetland site decides the number of pathways in a 
network and if it will have a good connectivity. 
Wetlands, especially with lakes or reservoirs as the nodes, are the sink or source of pollution in the 
network. Kannan et al. [44] have found that, in general, the concentration of total PAHs (polycyclic 
aromatic hydrocarbon) correlated significantly with the watershed population density for each lake in 
spatial terms. In a network, wetland sites should be selected according to the degree of contamination in 
the region. Analysis of variance indicated that TN, TP and suspended sediment concentrations in 
upstream wetlands were significantly higher (P<0.05) than those downstream. Such results indicated that 
the wetland was performing a nutrient retention role [8]. The concentrations of sediment downstream are 
consistently lower than upstream concentrations. The particulate species concentrations showed a marked 
decrease downstream of the wetland. This may be due to the retention by the wetland which indicated a 
capacity to buffer N from adjacent agricultural sites [8]. 
2.4 Wetland Hydrology 
The efficiency of wetlands in removing pollution from the surface and groundwater is highly 
dependent upon hydrology [45]. The pollution retention rate is inversely related to river channel depth 
and positively correlated to water residence time [46]. When the flow increases, phosphorus removal 
efficiency decreases due to less water retention time; while, increased inflow takes more phosphorus into 
the wetlands. Model simulations have indicated that with increased inflows, wetlands will retain more 
total phosphorus despite decreased removal efficiency. For example, when inflow tripled from 9.3 to 27.9 
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myr−1, the removal efficiency decreased from 85 to 72%, but the phosphorus removal rate almost doubled 
from 1.04 to 2.65 gPm−2yr−1 [47]. 
However, Wang and Mitsch [47] found that with the deeper water and the longer retention time, 
increasing water depth led to higher phosphorus removal efficiency. At the same load of phosphorus 
inflow, more phosphorus would be retained in deeper wetlands. About 1.03, 1.11 and 1.14 g P m−2yr−1 of 
phosphorus would be retained if the water depths were maintained at 30, 60 and 90 cm respectively. Thus, 
wetlands with deeper water may have higher removal efficiencies. 
Meanwhile, some researchers have also suggested that the removal efficiency of a wetland decreased 
when the water flow through the riparian zone increased. Cooper and Cooke [48] reported removal 
efficiencies for total oxidisable nitrogen (TON) loads of 55% at a discharge of 0.951 m3s-1 compared with 
90% efficiency at 0.351 m3s-1. In addition, high flows may even induce net nutrient release by the 
flushing of water, desorption processes and sediment erosion [17]. 
Furthermore, particle-water interactions were one of the most important mechanisms which control the 
distribution and movement of hydrophobic organic chemicals in aquatic environments (such as, estuaries 
and oceans) [49]. Information about solid phase chemical speciation is also important to analyze the 
removal of chemical materials in constructed wetlands, because of their particular distribution and 
interaction with the sediments. 
2.5 Effect of dry and wet seasons 
The functions of wetlands in the watershed also are influenced by the dry and wet seasons because of 
the difference of water quantity. Schulz and Peall [50] found that during the dry season TSS, 
orthophosphate, and nitrate levels were reduced by 15, 54, and 70%, respectively; but retention levels in 
the wet season were much higher, averaging 78, 75, and 84%, respectively. Some others also found that 
pesticide retention efficiency in wetlands may be different with seasons due to fluctuations in water 
temperature, water flow and different species conditions [51]. Headley et al. [52] suggested that there 
were longer residence times experienced during the growth seasons which promoted removal processes, 
particularly denitrification and plant uptake [18], effectively increasing nutrient retention. Some others 
reported that during wet seasons with higher temperature and low salinity in water, PAHs in the 
sediments may be decreased due to increased microbial mobilization, photochemical reactions, 
volatilization in the aquatic environment [53, 54]. 
 
2.6 Other factors  
In addition, the circuitry index of the network is also highly related to the retention efficiency, but more 
sensitive when the water inflow and nutrient loading per unit area is kept at the present level than when 
the total input loading remains the stable level [43]. 
3. Wetland networks applied to pollution control 
Several studies have suggested potential implications of network structure for pollution control in 
watersheds. This can be achieved by generating some ecologically sustainable options differing in spatial 
configuration [21]. It is indicated that about 3-7% of temperate-zone watersheds should be set as wetlands 
to provide adequate flood control and better water quality for the whole landscape [12]. A new series of 
papers reflects some of the research in this field and shows the potential of the network to control 
pollution. 
Li et al. [43] reported that the network structure is more sensitive to the reduction of total nitrogen than 
to soluble reactive phosphorous. Meanwhile, the connectivity and circuitry of the network have shown 
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significant correlations to nitrogen reduction, but not significant correlationships for phosphorous. 
Moreover, nutrient removal is more related to the connectivity than to the line density. It is concluded that 
the canal in Liaohe Delta contributes 2-5% to the total nutrient reduction rate by doubling the canal 
density [43]. 
Hierarchical wetland networks were used as a dynamic systems model to simulate watershed 
hydrology, suspended sediments transport and phosphorus removal and transformation by Cohen and 
Brown [14]. The results suggested that distinct roles were observed for each wetland size class: small 
headwater wetlands effectively retained sediment, medium-sized wetlands removed phosphorus, and 
large wetlands mainly stored and retained long-period hydrologic flows [14]. 
In the framework of improving the retention capacity of the landscape, Mackovˇcin [55] introduced the 
River System Restoration Programme in 1993. Its aim was to ensure the increase of generic diversity of 
the watercourses and water areas in general. In support of this, Yin and Shan [56] found that the 
multipond system (the original purpose of these systems was the irrigation of agricultural fields) could 
effectively retain nutrients from agricultural land and reduce diffuse pollution as constructed wetlands. 
Such systems were networks composed of ponds and ditches. Recent studies in other regions concluded 
that wetland abundance in the watershed was the predominant factor in governing Hg concentrations of 
stream biota. 
It is essential that both scientists and managers move away from considering streams in isolation from 
their surroundings, and integrate all components of aquatic ecosystems, including the associated wetlands, 
floodplains, riparian corridors, and the influence of contributing terrestrial areas [57]. 
4. Conclusion 
Wetlands and riparian areas can play a critical role in reducing diffuse pollution by intercepting them. 
The main mechanism controlling pollution of wetland system is by keeping the pollutants stay in the 
watersheds, and then degraded and transformed them, so pollution load coming into the receiving water is 
reduced. Construct of wetland network could commit to the invisible wetland functions to the actual flow 
in space, benefit to strengthen functions of wetland. Pollution control functions of wetland will change 
due to the variation in wetland categories, wetland area, wetland site and wetland hydrology, sometimes 
possibly related to flood and dry seasons. By using wetland network to improve water quality is an 
important and urgent work for environment protection, and also provide a useful method for managers.  
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